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Novelty: A headset (1433) includes two earpieces (1633) with ear cups (2033) that 
are inserted into ear canals (2833, 3033) of an operator (1233). A semi-rigid plastic 
band (2433) is connected at each end to an earpiece and has a middle section 
extending below the operators chin (2633). When the operator is talking, a 
microphone transducer (2133) transmits signals throi^h a wire (2533) and an 
earphone transducer (2233) produces received sound signals into an opposite ear 
canal. 

Use: The telephone headset is used in noisy offices, moving vehicles, factories, trains, 
buses and loud music backgrounds. 

Advantage: The microphone is isolated from background noise and vibrations due 
to bone conduction. The earphone and microphone provide full duplex 
communication whilst isolating background noise. The headset is plugged into a 
mobile telephone or corded telephone. The looping down of the band helps the 
earpieces stay in position. 

Description off Drawing(s): The figure shows a front view of a telephone headset. 
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^ (57) Abstract: A headset includes two ean»eces. One earpiece acts as a microphone, and the other eaipiece acts as an earphone. 

Isolated &om badcground noise and vibrations due to bone conduction, die miaophone earpieces convert voice sounds from the 
® air column in the external ear canal into electrical signals. Other embodiments of the invention address feedback problems and 
O achieve improved performance relative to existing full duplex oommnnication devices. In another embodiment of tiie inv ention a 
^ headset includes a band having opposite ends dial extend in a forward direction froin die two earpieces. The band then either extends 
^ downwardly or backwards. 
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AUDIO HEADSET 

10 TRrHMTnAL FIELD 

The invention relates to a headset for simultaneously taDdng and listening in a 
full duplex mode of communication by utilizing a separate fimction transducer in each 
ear. Sudi devices arc particularly useful in hi^er noise environmaits, such as noisy 
ofBces, inside moving automobiles and tracks, factories, heavy traffic, inside 

15 commuter trains, buses and loud muac. 

It is difficult to use a telephone handset in noisy environmeats, and 
particularly handsets for hand-hdd wireless phones. To reduce the impact of 

20 background noise, many people hold hand-held cell phones at cme ear and use thdr 
index fingor or tiie pahn of fheir othar hand to plug or cova: &e opposite ear. This 
scenario vividly portrays a necessary, yet uncomfortable method of talking and 
listening with portable tel^hones in noisy environments. Wifih the r^id growth of 
portable telephones and the widespread use of these phones in noisy environments, 

25 there is a demand fOT new headset configurations that can significantly reduce the 
inconvemence of noisy.interfercnce. 

A Voice Rccognidon System (VRS) detects and decodes hranan voice signals. 
The VRS is used in corgunction with word processing systems allowing an opraator to 
eater words and comiiiands orally without using a keyboard. The VRS converts the 

30 voice sigrials into digital words that are then dthareaDttered into a document in tt»e 
word processing system or used to control word processing operations, in another 
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^Ucadon,fheVRSisusedmcoiijim(rtionm^ Iiisteadof 
having to press telephone keys, the user orally enters the infonnation, conmand, or 
selection fix>m the telephone mernt 

The accuracy of the VRS in converting voice signals into the correct words 
and sentences varies depmding on the quaUty of the voice signals received from the 
hmnan operator. For example, most VRS systems include a microphone on a boom 
that is positioned over the operators mouth. The microphone picks iq) the operator's 
voice but also picks up unwanted ambient noises. These unwanted noises may 
include general office noise in the same room as the operator and nonverbal sounds 
made from the operator, such as breathing noises. These unwanted noises often cause 
the VRS to misinterpret the voice signals coming from the operator. 

Some headsets are used for two-way communication and include a 
microphone boom that extends over the moufli of the usra:. The microphone is located 
on the boom in order to pick \xp the voice signals generated from the mouth of Ihe 
user. Because the miax>phDne also picks up ambient noise, it is difBcult to use these 
telephone headsets in noisy environments. Two-way headsets also use metal or 
plastic bands to support the boom and speaker earpiece. These headsets can easily be 
dislodged when the user is moving and also mess up ihe hair or disrupt headwear on 
theoperator, TTie headset is also difficult to attadi and detach if the headset opaator 
is wearing a hat Instead of using a plastic or meital band, some headsets use wires 
that iiflng loosely down from the earpieces. HowevCT, the earpieces in these headsets 
fryip easily dislodge from the user's ears. 

The presrat invention addresses this and other problems associated with the 

prior ait 
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5 SUMMARY 

One embodiment of the invention provides a headset with two earpieces: one 
acting as a microphone, and the other acting as an earphone. Isolated fix>m 
background noise and vibrations due to bone conduction, the microphone earpiece 
converts voice sounds from the an: cohmm in the external ear canal into electrical 
10 signals. The earphone convats electrical signals f[om an audio device into an audio 
output in the other earpiece. Ihis headset configuration provides full dxxpl&K 
communication while isolating background noise. 

A miniature piezoelectric, electret type, transducer is installed into one 
earpiece housing. This transduco: is electrically dedicated to respond to a user's 
15 outgoing audio sounds. The audio sounds within the air cohmm of the Kctemal 
auditory canal in one ear acoustically drive the miniature transducer producing 
electrical transmit (Tx) signals witiiout the outside noisy sounds. In order to reduce 
and isolate bone conduction voice sounds, windi result in a concentration of low 
frequency voice raergy, a sound conduction isolation "cup" serves as a jacket that 
20 surrounds the nuniature transduce: inside tiie housing. The sound conducti(»i ci^) 
suspends tiie transduce in the ear canal in a manna: that in5)roves tiie quality of the 
Tx signal generated by the transducer. 

In one embodiment, a second miniature transducer is incorporated into a 
second identical ear-piece housing. Tlus second transduce recdvestiie incoming Rx 
25 electrical signal and produces acoustical sounds within the external auditory canal in 
the other ear of the user. The ear phone wires are joined together into one tinee 
conductor cord teraiinated to a standard 3 .5 mm plug or 2.5 mm plug for direct plug- 
in. No additional electronic circuits or modifications are required. A cell phone, 
cordless telephone or regular corded tel^hone includes an external corresponding 
30 phig-in jack for receiving the headset plug. 
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5 Anottier embodiment of the invention addresses feedback problems and 

achieves improved performance relative to existing full dt5>lex conmiunication 
" devices. Operatingsimultaneoiisly as bofb an eaipbone and a microphone, Ihe 
transducer output comprises a combined transniit and recdve signal In order to 
operate this circuit design with mfninial feedback, a spedfic circuit takes this 

10 combined signal and decreases the receive signal rdative to the transmit signal The 
circuit also decreases the Tx feed-throu^ from the tel^hone hybrid relative to the 
receive signal. 

The full duplex headset is used in various audio applications. In one 
£5>plication, one headphone is used as a speaker while a second headphone is used as 

15 either a speaker or a microphone. The headphones provide stereo soxmd when 

attached to a device such as aradio, CD, MD, or MPS player. One of the headphones 
switches to operating as a microphone vrhea the device is operating as a two-way 
communication device, such as a cellular telephone. A user thm conducts hands free 
two-way communications using the same headset When the device switches back to 

20 operation as an audio player, the microphone headphone returns to operatiog as a 
speaker. The headset then returns to providing stereophonic sound. In another 
application, the full dixplex headset is used in conjunction with a Voice Recognition 
System (VRS) to more accurately convert human speedi into digital text. 

In yet anotiia- embodiment of the invention, a headset includes earpieces for 

25 attaching to ears of an operator. A band has opposite ends that connect to the two 
earpieces and extends in a ftxrward diiecticai from the two earpieces. The band then 
either «tends downwardly below the chin or extends backwards in back of flie heck. 

The foregoing and otha: objects, features and advantages of the invention will 
become more readily gpiparent from the following detailed description of a preferred 
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5 embodimeat of Ihe invcaitioii wbich proceeds with reference to ihe acconq>anymg 
drawings. 

n-RJEF D ESnRTPTIQN OF THE DRAWINGS 
no. 1 is a schematic diagram of a feU duplex headset, showing the electrical 
10 ccamection of earphone and microphone earpieces to a standard plug. 

FIG. 2 is a schematic diagram iUnstrating drcuitry of flie tnicarophone earpiece 
shown in FIG. 1 in more detaiL 

FIG. 3 illustrates an example of a headset configuration in which the earphone 
and microphone earpieces shown in FIG. 1 may be incorporated. 
15^ na 4 iUustrates how an earpiece of the headset shown in FIG. 3 rests within 

anear of auser. 

FIG. 5 is an exploded view of a microphone earpiece for the headset shown in 
FIGS. 3 and 4. 

FIG. 6 is an alternative example of a headset in which the earphone and 
20 micarophone earpieces shown in FIG. 1 may be incorporated. 

na 7 shows a cross-sectional view of an earpiece of the headset shown in 

FIG. 6. 

FIG. 8 shows an alternative inqilementation of the microphone earpiece 

circuitry shown in FIG. 2. 
25 FIG. 9 is a diagram of a full duplex digital signal processing conmiunication 

drcuit according to an alternative embodiment of the invention. 

FIG. 10 shows the phase shift of receive audio signals output from dififeent 
amplifier stages in the communication circuit shown in FIG. 9. 

FIG. II is a schematic diagram of a full duplex transmit and recdve circuit 
30 according to another embodimmt of fhe inventiorL 
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FIG. 12, 13 and 14 are alternative embodiments of the fiiU duplex dicuitry. 
FIG. 15 shows a cross-sectional view of an earpiece that contains the fiiU 
duplex circuitxy. 

FIG. 16 shows a perfective view of the earpiece diown in FIG. 15. 
FIG. 17 shows how the earpiece in FIGS. 15 and 16 rests within an ear of an 
operator. 

FIG- 18 is p diagram ghnwiTig the filll di^lex circuitry iised wifli various two- 
way communications devices. 

FIG. 19 is a diagram of a retractable earphone and a wireless earphone that 
opiate as both a speaker and a microphone. 

FIG. 20 is a diagram of a headset that has two heac^hones or earphones fliat 
operate as speakers when connected to an audio device and one of the headphones or 
earphones switches to operating as a microphone when the device operates as a two- 
way communication device. 

FIG. 21 is diagram of a headset where one headphone or earphone operates as 
a microphone and the other headphone or earphone operates as a speaker. 

FIG. 22 is a diagram of the headset whare each headphone or earphone 
opmtes as both a microphone and speaker. 

FIG. 23 is a diagram of a headset that has speakers inside the headphones and 
microphones attached to the outside of &e headphones. 

FIG. 24 is a diagram of a headset ttat detects soundwaves fix>m an ear canal 
and sends electrical signals generated from the sound waves directly to a Voice 
Recognition System. 

FIG. 25 is a headphone that fiseds transmit signals back to the heat^hone 
operator. 

FIG. 26 is a fiont view of a loop down headset 
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5 FIG. 27 is a side view of the loop down headset shown in PIG, 26. 

FIG. 28 is a perspective view of the loop down headset 

FIG. 29 is a front view of the loop down headset 

FIG. 30 is a perspective view of a loop bade headset 

FIG. 31 is a top view of the loop backheadset 
10 FIG. 32 is a side view of the loop back headset 

FIG. 33 is a schematic diagram of one full duplex circuit that can be used in 
dther the loop down headset or the loopback headset 

nTrrATT.Rn DESCEaPTION 

15 FIG. 1 is a schmiatic diagram of a fell diqilex headset The headset has two 

earpieces: an earphone earpiece 100 and a microphone earpiece 102. Each earpiece 
has two electrical terminals, with one serving as the common or "ground" node, A 
pair of wires 104, 106 and 108, 110 are comBCted to tiiese terminals, and are 
ultimately joined in a single cord terminating in a connector phig 114. The wires 

20 connected to tiie ground node 104, 108 are joined togeth^ and terminate at the sleeve 
1 12 of plug 114. The wire connected to the opposite teiminal of the earphone relative 
to the common terminal is connected to the ring portion 11 6 of the plug 1 14. On the 
other side of the headset, the wire 110 intiie microphone 102 is connected to the tip 
portion 118 of the plug 114. 

25 The earphone 100 contains a transducer 120 that converts an electrical signal 

into an audio output The microphone earpiece 102 contains a transducer fliat 
converts an audio input into an electrical agnal, which is coiommiicated to a 
telephony device via tiie wires 108, 1 10. 

By placing the micrpphone in the operator's ear, the transducer in the 
30 micrpphone can detect voice signals that pass from the users vocal cords through the 



wo 02/07477 PCT/DSOl/22121 

8 

5 operators head and out the external ear canaL Since the rmcrophone is located mside 
the ear canal, ambient noise is filtered fix>m fhe transducer. 

FIG. 2 is a schematic diagram illustrating circuitry within the microphone 
earpiece in more detail. The circuitry within the earpiece in this particular 
inqjlementation include a piezoelectric transducer 200 coi?>led across flie gate node 

10 202 and drain node 204 of a field effect transistor 206. The drain node 208 of the 
field effect transistor 206 is comiected to the wire 110 that extends &om the earpiece 
102. The source node of the field effect transistor is connected to tiie wire for 
common ground node (108). 

Wheu the wearer of the headset speaks, the resulting voice sounds in the air 

15 colunm within ttie extenal auditory canal drive the piezoelectric transducer 200. The 
field effect transistor 206 transfers the electrical signal induced by the voice sounds 
through the wire 110 and into interfece drcuitry within the telephony device. This 
interfiEice circuitry is conventional, and may include a resistor 210 coTipled betweaa 
the input port 212 that receives signals fiom the wire 1 10, on one side, and the VCC 

20 power supply on the other side. The telephony device may also have an an?>lifier 214 
and oth«: convaitional interface drcuitry to process the incoming electrical signal 
The common ground wire 108 is connected to one terminal of the piezoelectric 
transducer 200. The drain of tiie field efiBsct transistor 206 is coupled to ground via 
another port 216 of the telephony device. 

25 The headset configuration shown in FIG. 1 can be incorporated into a variety 

of headsets. FIG. 3 illustrates one possible exaiople of a headset configuration in 
which the circuitry shown in FIGS. 1 and 2 maybe incorporated. The headset shown 
in FIG. 3 is similar to flie headsets typically used with portable radios, tape playors, 
and C33 players. Each of the earpieces 304, 306 have a similar structure. In 

30 particular, each earpiece includes a circular disk portion 300, 302 wifli a flat face." 
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■When resting inside the ear, Ihe face of Uw earpiece is designed to be oriented in the 
direction oftbe external earcanaL A griU 308, 310 on the feceofihe earpiece allows 
vwce sounds to be communicated to the microphone and ftom the earphone 
transducers. 

A nedc portion 312, 314 of the earpiece housing extcaids fiom the disk portion 
300, 302 and is connected to the headset ftame piece 316, 318. A metaUic headband 
320 fits within a sleeve of the frame jneces 316, 318 and allows the user to ai^ust fee 
dze of Has headset 

no. 4 shows an expanded view of the earpiece 306 from the headset shown in 
no. 3, resting within a user's ear 400. This particular iUustration shows how the left 
earpiece 306 rests within a pocket of the ear such that the fece 302 of the earpiece is 
oriented in the direction of the extanal ear canal 402. The nedc portion 318 of the 
earpiece attends out of tiie ear and acts as a wmduit for the cord carrying die two 
wes from the transducer inside the earpiece. 

FIG. 5 is an exploded view of a microphone earpiece designed for the headset 
shown in FIGS. 3 and 4. As shown in HG. 5, ihe earpiece housing includes a plastic 
disk-shaped housing 500 fonned into a unitary piece akmg with the neck portion 502 
of the housing 500. A cover 504 fits into an opening 501 in the housing 500 and has a 
grill portion 506 that allows audio sounds from Ihe external auditory canal to pass mto 
the houang 500 and drive a miniatare mioophone 508. 

The microphone 508 is implemented with a piezoelectric transducer, and in 
particular, an electret-type transducer. The microphone sits within a cup 510 that acts 
as an acoustical isolator. The cup 510 fits tightly around the sides and rear of tiie 
dectret and fills in the space between the electret and the inner walls of the earpiece 
housing 500. 
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The cup 510 acts as an acoustical isolator to inrevent sounds attributable to 
bone conduction from reaching the microphone 508. Prefeably, the acoustical 
isolator is made of a material that has a high air content isolate vibrations attributable 
to bone conduction. A variety of matoiak may serve this function, inclu 
limited to, Styrofoam, plastic, wood, porlite, etc. 

FIG. 6 iUustrates another example of a headset configuration that can 
incorporate the circuitry shown in nG. 1. This particular configuration is especially 
effective in high noise ravironments because each of the earpieces 600, 602 has a 
nipple 604, 606 that penetrates into and fits snuggly within the wearefs extanal ear 
canal 402 (FIG. 4). The nipple 604, 606 canq>rises an umbrella-like shroud 608, 610 
made of a soft, flexible material tiiat confonns to the shape of the external auditory 
canaL The pinnacle of tiic? duDud 608, 610 has an opening 612, 614 that idlows air to 
pass to the transducer within the housing. The stalk 616, 618 of nipples 604, 606 is 
made of a hardo: plastic and is roughly cone-shaped, with a circumfa-ence ttiat 
decreases toward the openings 612, 614 of the nipples. 

FIG. 7 shows a cross-sectional view of die nipple earpiece shown in HG. 6. 
The staDc 618 of the nipple sn^s onto an earpiece housing 700 tiiat houses a 
piezoelectric microphone 702. 

To reduce ear fetigue, the wires stemming from each earpiece extCTdthrougih 
the housing and into the frame body 620, 622 ofthe headset (no. 6). ThisT5)wani 
orientation of the wiring through the frame of tiie headset reduces the stress that 
would otherwise be directed to die earpiece if it extended from the bottom ofthe 
earpiece. While this particular configuration may tend to reduce fatigue on the ear, it 
is also possible to configure die earpieces so that the wiring extends from the side or 
bottom of the earpiece hooising. 
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It is iim>ortant to note that the headset configurations shown m FIGS . 4- 7 
i^resent only some exanq>les of the many possible configurations in which the full 
dxq>lex circuit configuration shown in FIG. 1 may be incorporated- While these 
configuratians inchide a headset fimae that fits over the wearor's head, it is also 
possible to implranent the full duplex, headset in a pair of earpieces that are held to the 
user's head in some other fashion. One possible alternative is to have ear clips 
mounted on each of the earpiece housings that clip around the wearer's ears. Another 
alternative is to use earpieces sudi as the ones shown in FIG. 6 that fit snuggly withm 
the auditory canal without the need for external sxq>port &om a headset fimie. 

The headsets described above provide hands-fi«e full duplex communications 
without having to use an annoying microphone extension ann, A microphone does . 
not have to be positioned near the mouth since the voice sounds are essentially 
provided through the ear canaL 

Multiple transducer housing styles can be used to suit the various preferred 
choices of use. An earpiece attachment that protrudes outside the ear canal can be 
used for less noisy environments. The Hghtweight ear microphones use small 
miniature electro-dynamics transduces weigjiing q5>roximately 5 grams or 0-1 8 oz. 
to minimize fatigue. The ligjitwei^t piezoelectric transducers fiirther improve 
performance and reduce weight ligJitweigtEt head bands, ear 5i?>poTts, and contoured 
transducer housings, such as those designed for security personnel, and the hearing 
impaired, provide snug fit in flie outer ear canaL 

FIG. 8 shows a variation on the microphone earpiece circuit shown in FIG. 2, 
A filter circuit 698 includes a capacitor 710 and an inductor 712. The filter circuit 
698 is coupled between the source and drain terminals of FET transistor 206. The 
c^acitor 710 provides DC blocking between node 208 and node 216. The inductor 
712 provides a low impedance at low audio fi^quendes and a high iizipedance at high 
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5 aadio fieqttcsncies. Iq one exaiaple, the inductor 712 is selertrf 

approximately teai times the inq)edance across FET transistor 206 at 3000 Hertz than 
at 300 Hertz. 

The filter circuit 698 attenuates the low frequencies associated with bone 
conduction and low audio frequencies. Thus, the circuit 698 filters out some of the 

10 mwanted bone conduction aad low frequeucy voice conqHjneots that may be picked 
up by the transducer 200 while residing in flie ear canal. Since consonants are 
generally pronounced using higher frequency componoits, the circuit 698 also 
provides better sound detection for consonants. In one embodiment, tiie inductor is 
made from a circular core material' and wire is wnqsped around this circular core 

15 matmal. 

A transmit circuit 713 is used in cellular phones, cordless telephones or phone 
handsets. The transmit circuit 713 includes a resistor 210 and a capacitor 714. A 
connection 718 is coupled to the tip 118 of the plug 114 (HG. 1). The voltage of the 
transmit signal at connection 718 is increased before being an5)lified by an^lifier 
20 214. 

Full Duplex Earohone - Using One Transduce: 
FIG. 9 shows a circuit 8 that uses a single transducer 10 for full duplex analog 
earphcfne and microphone operation. A combinatiaa earphone and microphone 
transducer 10 is coi5>led between an inverting input and an output of an operational 
25 amplifier(opamp)12. Aneaipiece46contains the transducer 10 and is ad^ed for 
inserting into the ear canal of a human operator. A noninverting input of op amp 12 is 
coupledtothenoninvertiiig input ofanop amp 14. Aninvertingii^JUtof op amp 14 
is coupled to a balancmg resistor 40 and fhrou^ a resistor 42 to an ou^ut of op amp 
14. The balance resistor 40 is used to control tiie gain of flieRx signal output fix>m op 

30 amp 14. 
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5 The output of op Bojxp 12 is coupled through an analog to digital (A/D) 

converter 16 to a signal adder 20. Theoulputofopan:^) 14iscoiq>ledthzoughan 
A/D converter 18 and a receive ad^tive phase canceller 19 to the signal adder 20. 
An output 21 of signal adder 20 is fed through a digital, to analog (D/A) converts 22 
into the Tx iupvA of a hybrid network 24. The Rx output of tiie signal adder is also fed 

10 throu^ a transmit ad^tive phase canceller 28 into signal adder 30. The output of the 
hybrid netwodc cucuit 24 is fed through an A/D converter 26 into the signal adder 30. 
An output of signal adds- 3 0 is fed through a D/A 32 into the noninvating inputs of 
op amps 12 and 14 at node 44. Node 44 is also coa:^led by resistor 38 to ground. 
Jn oTtft CTTihn Hmi RTit^ the cnmpQ-nents within the dashed line 48 describe 

15 functions that are implemented m software by a Distal Signal Processor (DSP). 
Some or all of the conaponents wittdn the dashed line can alternatively be 
implemented by discrete digital components. For example, the A/D and D/A 
converters may be implemented as disCTete cansponeais while the signal adders and 
adaptive phase cancellers may also be implemented as discrete componCTts or in 

20 software in a DSP. 

The transducer 10 is used as boft a microphone for detecting and generating 
audio signals firom the operators voice and as an earphone that generates audio 
signals heard by the opaator fiom Rx audio signals received over the telephone line 
25. 

25 The audio signals from flie tnUring operator are converted by the transducer 10 

into Transmit (Tx) signals. The transducer 10, when operating as an earphone, 
converts receive signals (Rx) from the telephone line 25 into audible signals. These 
audible signals are heard in the extCTial ear canal of the operator through the earpiece 
46. 
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The hybrid netwrak 24 represents circuitry used to compraisate for the reactive 
diaracteristics of liie telephone network connected to telephone line 25. The hybrid 
netwoik24isa2to4wirehyhriddrcnit The tdephone line 25 is a two wire Kne 
that comiects to 4 -vHresoftiie communication drcuit 8. In the case of a wireless 
communication network, such as a ceUular telephone, the hybrid networic 24 may 
r^iresait flie voice aicodar and transceiver circuitry in the cdl phone or in the cell 
phone base station. Network 24 represents any circuitry in a landhne based telqjhone 

« 

network, or cellular telephone networic that may leak part of the transmit signal back 
to the receive path of the communication circuit. 

A receive audio signal Rx ftom telephone line 25 goes through the hybrid 
network 24, A/D 26 and D/A 32 into the nonmverting inputs of op amps 12 and 14. A 
current mirror characteristic of the op amps 12 and 14 cause the same Rx signal to be 
output at the mverting inputs of op anqjs 12 and 14. The Rx signal is generated across 
the transducer 10. The transducer 10 converts the Rx signal into an audio signal that 
is oulput m the ear canal of the operator. The Rx signal is also output from the 
outputs of op amps 12 and 14. 

The transducer 10 provides an inductance and operates in conjunction with the 
resistance of resistor 36 to filter out low frequencies in the Rx signal that are 
generated acaDSS transducer 10. Because the transduce 10 generates a higjier 
unpedance at higher frequencies, more gain is provided by op amp 12 for the higjier 
frequency corKponoits and less gain is genaated for Ipw frequency components of the 
Rx signal. 

When ttie operator talks, the audio signals output throu^ the ear canal of the 
operator are converted into an electrical Tx signal by transduce 10. The Tx and Rx 
signals 52 are output from op amp 12. 



WD02/D7477 



Paoe 17 of 65 



WO 02/07477 PCTAJSOimill 

15 

5 The op amp 14 is basically a resistive drcoit that does not efifect the phase of 

the output Rx signal 50. Howev<ff, tiie op amp circuit 12 has a reactive inductive 
componCTt created by transducer 10. The phase of the Rx signal 52 output fiom op 
amp 12 is therefore shifted from the phase of Rx signal 50 output from op msp 14. 
libeRx signal 50 output from qp eaoap 14 and the Rx signal 52 output from op Bnxp 12 

10 are shown in FIG. 10. 

The Tx and Rx signals 52 output from op dxnp 12 are converted into digital 
databyA/D16. The Rx signal 50 output by op amp 14 is convoted into distal data 
by A/D 18. An Rx adaptive phase,canceUCT 19 aligns the phase of Rx signal 50 180 
degrees out of phase with respect to the phase of Rx signal 52. The signal adder 20 

15 then adds tiie 180 degree out of phase Rx signal from phase canceller 19 with the Tic 
+ Rx signal 52 output from A/D 16. Hie output 21 of signal add^ 21 has a 
substantially reduced Rx signal and primarily consists of the Tx signal Alternatively, 
the phase canceller 19 could align the phase of Rx signal 50 with the phase of Rx 
signal 52. The signal adder 20 then could simply subtract the Tx + Rx signal output 

20 by A/D 1 6 from tiie Rx signal output from phase canceller 19 to substantially cancel 
out the Rx signal output by signal adder 20. The desired target reduction of the Rx 
signal oiaiput from the signal adder 20 is 30 decibels (dbs) below the Tx signal. 

The Tx signal in converted back into an analog signal by D/A 22 then fed into 
the hybrid networic 24 of the telephone system. The Tx signal is 1h«i output on the 

25 telephone line 25 or to the voice codec or otha: telq>hone circuitry that encodes the 
Tx signal for transmission over a landline or wireless voice channel of the telq>hone 
network. 

Another objective of the communication circuit 8 is to compensate for the Tx 
signal that may leak through the hybrid network 24 back over the recdve channeL 
30 Whm the telephone line 25 is converted from the 2 wires ofthetelq)hone line 25 to 
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the 4 wires of the ctHnmanication dicuil 8. there are reactive efifects in the hybrid 
netvrork transfoimets that allow some of the Tx sigaal at input 21 to lead through flie 
hybrid networic 24 back to the ii^ut 23 of ciicuit 8. 

TheRx signal plus theTx signal leakage at input 23 are both fed into fte A/D 
convertex 26. The Tx signal ftom the output 21 of signal adder 20 is fed into the Tic 
adqrtive phase canceller 28. The phase canceller 28 operates in the same manner as 
the phase canceUer 1 9 only for the Tic signal instead of 4e Rx signaL In other words, 
the phase canceller 28 shifts the tx signal at ou^ut 21 to 180 degrees out of phase 

« 

with respect to the Tx signal at the input 23. 

The signal adder 30 then adds the Rx + Tx Geakage) signal with the 180 
degree phase shifted Tx signal ou^ut from adaptive phase canceller 28. The signal 
adder 30 subtracts the Tx signals and outputs primarily only theRx signal. Any 
rensaining Tx signal ou^ut from the signal adder 3 0 is about 30 dbs below the Rx 
signal 

la summary, the desiied Tx signal at the output21 of cirouit 8 is 30 dbs higher 
than any Rx signal. Further, the Rx signal on line 34 is 30 dbs higher than any Tx 
signal on line 34. 

Referring to FIG. 11, a transmit and recrive circuit 1000 is coiqiled at a first 
end to a headset 1 100. The headset 1 100 inchides headphones 1400 and 1200 that 
contain transducers 1500 and 1900. respectively. A str^ 1700 holds the two 
headphones 1400 and 1200 together. The transducer 1500 is coupled between ground 
and the circuit 1000 in an opposite polarity than transduce 1900. 

On the opposite end of the transmit and receive circuit 1000 is a voice 
openitedtransmisaon (VOX) dicuit 4000. The VOX circuit 4OO0 detects a 
transmission signal (Tx) generated by the operator of headset 1100. When a sufficient 
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5 Tx signal is detected, the VOX circuit 4O00 activates a Radio Frequency (BF) 
transmit and recdve device 4200 to transmit tbe Tx signal over antenna 4400 to a 
receiving device. Whm tbe Tx signal is not detected,, the VOX circuit 4000 enables 
the transmit and receive device 4200 to recdve any incoming recdve signals (Rx). 
In one example, the transmit and receive device 4200 is a two-way radio or 

10 virallde-talkie. However, it should be understood that flie transmit and receive cncuit 
1000 op^es with any two-way cooGDtnunication device 4200, including but not 
limited to cellular telephones, wireless phones, landline telephones, transceivers or 
walkie-talldes, etc. In the case of a telephone, the VOX circuit 4000 may not be 
needed, 

15 . TTie receive signal (Rx) on input 1800 jBrom VOX 4000 is coi^led to an 

automatic level control circuit 2000. The automatic level control circuit 2000 
includes an op-anq) 2200 coiq>led at an ou^ut to the base of a PNP transistor 2400. 
The output of transistor 2400 is coupled to flie gate of a Field EflBsct Transistor (FET) 
2600. 

20 A voltage level is selected at ii^t node 2800 of level control circuit 2000. If 

tb& Rx signal at node 2800 rises above a piedetennined voltage threshold, the signal 
output ftom op-amp 2200 activates transistor 2400. That, in turn, increases the signal 
at the gate of FET 2600. The increased gate signal reduces the impedance between 
the source and drain terininals of FET 2600. The reduced in:5>edance across FET 

25 2600 pulls down the Rx signal at node 2800. Thus, the automatic level control circuit 
2000 decreases the impedance aox^ss FET 2600 ^en the Rx signal at node 2800 
increases above the threshold voltage. The Rx signal output from op-ansp 2200 is in 
turn maintained at a constant level. 

The Rx signal is output fiom automatic level control circuit 2000 to op-amps 

30 3200 and 3400. The output of op-amp 3200 is coupled to the positive terminal of 



wo 02/07477 PCT/DSOl/22121 

18 

transducer 1500 in heat^hone 1400. The output of qp-amp 3400 is coupled to the 
negative terminal of transducer 1900 in headphone 1200. The positive tenninal of 
transducer 1900 is coupled to ground and the negative terminal of transducer 1400 is 
coi:;>led to ground. 

TheRx signal is fed into the op-amps 3200 and 3400 and back out to the 
transducers 1500 and 1900. Because flie transducos 1500 and 1900 have reversed 
polarities, a listener will hear a negative Rx signal in one ear and a positive Rx signal 
in tiie other ear. Mother words, the Rx signals output from the two headphones 1400 
and 1200 are 180 degrees out of phase. However, it has been discovered that the 
inimsm hram does uot distinguish between the positive and negative Rx signals output 
by transducers 1 500 and 1900. Thus, any inconung receive Rx signal output from 
headphones 1400 and 1200 sounds exactly the same in botitt ears of the headphone 
Mser. The Rx portion of the signal ou^ut from op-amps 3200 and 3400 are in phase. 
The two Rx signals fed into flae negative and positive terminals of dififereotial 
flThplifier 3800 therefore cancel out 

When the user of headset 1 100 talks, a Tx signal is output from transducer 
1500 and tiie same Tx signal is output by transducer 1900* Because the transducers 
1500 and 1900 are in reversed polarity, the two Tx signals output through op-amps 
3200 and 3400 are out of phase. Thaefbre, the two Tx signals at tiie negative and 
poative terminals of diffeential an^lifier 3800 are added together .generating double 
the Tx signal (2Tx) at the output of op-amp 3800. 

FIG. 12 is an alternative CTibodiment of the friU duplex drcuit 1000 
previously shown in FIG. 1 1 . Instead of using an automatic level circuit 2000, a 
manual Rx level circuit 4500 is used to adjust the Rx voltage level into op-amps 3200 
and 3400. 
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Because the Rx signal ofutput fiom the two op-amps 3200 and 3400 are the 
same phase, the Rx signal will be cancelled by differMtial anplifier 3800. As 
described above, the Tx signals output from op-amps 3200 and 3400 are of opposite 
polarity coming out of op-anq)s 3200 and 3400. Tho^fare, the Tx signals into 
differOTtial amplifier 3800 are added together generating a double the Tx signal. 

FIG. 13 shows another embodiment of the microphone and speaker ciicuit A 
transmit and receive circuit 601 lis coupled at a first end to a headset 1211. The 
headset 121 1 includes headphones 141 1 A 'md 141 IB that contain transducers 621 1 
and 6411, respectively. A strep 6611 holds the two heac^hones 141 lA and 1411B 
together. The transducer 6211 is coi5)led between ground and the circuit 6011 in an 
opposite polarity than transducer 641 1 . 

On the opposite end of the transmit and receive circuit 6011 is a voice 
operated transmission (VOX) circuit 6811. The VOX circuit 6811 detects a 
transmission signal (Tx) generated by the operator of headset 1211. When a sufBdeait 
Tx signal is detected, the VOX circuit 6811 activates a Radio Frequracy (RF) 
transmit and receive device 701 1 to transmit the Tx signal over antenna 7211 to a 
receiving device. WhaitheTxsignalisnotdetBcted,the VOX circuit 6811 enables 
the transmit and receive device 701 1 to receive any incoming receive signals (Rx). 

In one example, ttie transmit and receive device 7011 is a two-way radio or 
walkie-tallde. However^ it should be undesrstood that the transmit and receive circuit 
601 1 can operate with any two-way communication device 701 1 ; including but not 
limited to, cellular telephones, wireless phones, landiine telephones, transceivers, 
walkie-talkies, etc. Inthecaseofatelephane,flie VOX circuit 68 11 may not be 
needed. 

AnRx signal is ii^ut at tmninal 7411 of circuit 6011 to op-aitps 7811 and 
801 1. An Rx level circuit 7711 adjusts the Rx voltage level into ap-smps 7811 and 
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5 8011. The oulput of op-amp 7811 is covplsA to tbe positive tetminal of transducer 
6211 in headphone 1411A. The output of op-an^j 8011 is coupled to a negative 
terminal of transducer 6411 inheadphonel411B. The positive teoninal of transducer 
6411 iscoiq>ledto ground and the negative tetminal of transducer 6211 is coupled to 

ground. 

10 TlwRxsignali8fedintotheop-amps7811and8011 and back out to the 

transducers 621 land 6411. Because fee transducers 6211 and 6411 have reversed 
polarities, a listener will hear a negative Rx signal in one ear and a positive Rx signal 
infeeoHierear; In other words, the Rx signals ou^t from fee two headphones 
1411 A and 141 IB are 180 degrees out of phase. However, it has bera. discovered feat 
15 fee human brain does not distinguish between fee positive and negative Rx signals 
on^ut by transducers 6211 and 6411. Thus, any incoming receave Rx signal ou^ut 
from headphones 141 1 A and 141 IB sounds exactly the same in bofe ears of the 
headphone user. The Rx portion of fee signal output from op-anq)S 7811 and 8011 
are m-phase. The two Rx signals fed into the negative and positive teaminals of 
20 differmtial anxplifier 821 1 caned out 

When fee user of headset 1211 talks, a Tx signal is ou^ut from transducer 
621 land fee same Tx signal is output from transducer 6411. Because the transducer 
6211 and 6411 are in reversed polarity, the two Tic signals output ferough op-amps 
7811 and 8011 are 180 degrees out of phase. Therefore, the two Tx signals at fee 
25 negative and positive tennmals of differential ansphSex 8211 are added to^tha 
doubling fee Tx signal (2Tx) at fee output crfqp-amp 8211. 

An interconnect circuit 84 1 1 is used to connect fee transmit and recdve circuit 
6011 to difEeiOTt cellular, cordless and corded telephones 881 1. The interconnect 
circuit 8411 includes a Fidd Effect Transistor (FET) 8611 having a gate coupled to an 
30 outputofop-anq) 8211 ferou^avatiableresistor 8811. The TX signal passes from 
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5 flieoutputofop-aiiip8211totiiegateofFET8611. Hie FET 8611 varies the voltage 
across the 2^ K resistor varying the Tx signal deliv^^ to flie telephony device 881 1. 

Hie transmit and receive drcuit 601 1 enables easier and clearer two-way 
conmnnications. TTie(tait60U can be located in the headset 1211 or cm be 
located in the two-way connmmication device 8811. 
10 The transmit and lecave drcuit 6011 enables the transducers 6211 and 6411 

in head phones 141 1 A and 141 IB to operate as both microphones fiir piddng vp 
audio signals from the user and also operate as speaks for outputting recdved Rx 
signals. When ausea: of the headset 1211 speaks, audio signals are output ferougji the 
user's ear canals. These audio signals are converted by the transducras 621 land 6411 
15 in headphones 141 1 A and 141 IB into Tx signals. Because the Tx signals are 

generated by the headphones, fhe^ is no need to mount a separate microphone on a 
boom in fiont of the users mouth. 

Further, because the audio signals from the user are output from the ear canals 
and directly into the headphones 141 lA and 141 IB, there is significantly less outside 
20 ambient noise that is picked by transducers 6211 and 6411 when operating as 

microphones. As a result, the user's voice signals comprise a larger and clearer part 
of the gen^ated Tx signal. 

Heac^hones 1411A and 1411B in one embodiment have foam pads that have 
bera found to woik excq)tionally well in jBltering ambient noise from tiie 
25 transceivCTS. Howcvct, any commerdally available headset can be adapted to be used 
with flie transmit aiidrecdvedicuit 6011 including earphones that msert into the 
user's ear canal. Because no sq)arate mioxjphone boom is required, flie foil di^lex 
heac^hones are also less expensive to manufocture and easier to operate. 

FIG. 14 shows another embodiment of the headset drcuitiy. A first 
30 headphoneorearphone9411nicludesatransducer9611thatoperatesasaspeaker. A 
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5 headphone or eaiphone 921 1 incltides an electret microphone 981 1. A rubber housing 
is located between the electret 981 1 microphone and a housing for heat^hone or 
eaiphone 9211. 

A plug 1021 includes atip connection 1041, ring connection 1061 and a 
ground connection 1081- The microidione 981 1 is coupled through a switch 1001 to 

10 an amplifia: circuit 9011. Theoulputof an amplifia: 1101 is coupled through a 
capacitor to the tip connection 1041. A variable resistor 1121 varies the gain of 
amplifier 1101. The ring connection 1061 is coupled to bofli switch 1001 and 
transducer 9611. The amplifier circuit 9011 and switch 1001 can be located either in 
the headset 421 1 or 4811 or in the device 541 1. 

15 The headset 4211 or 481 1 operates as stereo speakers when tiie device 541 1 

ops^es as an audio player. In the audio player mode, an audio signal is received at 
the ring connection 1061 and fed through wire 1 141 to transducer 961 1. The switch 
1001 is moved to the position where the received audio signal fiom wire 1 141 is also 
connected to headphone 921 1 . In Ais configuration, both headphones or earphones 

20 921 1 and 941 1 qpmte as speakers. 

When the device 541 1 is switched over to operating as a two-way 
communication device, such as a cellular telq)hQne, switdi 1001 connects headphone 
or eaiphone 921 1 to amplifier 1101. Tbe user of headset 421 1 or 4811 talks during 
the telephone conversation using the cdlular phone in device 541 1. The user's voice 

25 signals arepidced up by the microphone 9811 and output as a transmit Tx signal to 
amplifier 1101. The an^lifier 1 101 amplifies the Tk signal and outputs the transmit 
signal to the tip connection 1041 of jack 1021. Any recdved voice signals jfrom the 
cellular telephone in device 541 1 are received on tha-ring connection 1061 of jack 
1021 and are output to tbe transducer 961 1. 
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Hius the headset 421 1 or 481 1 provides stereo speakers '^ea the device 541 1 
is bring used as an audio player. When the device 5411 is switched over to operating 
as a two-way conmunications device. Hie headphone or earphone 921 1 switdies over 
to operating as a mcrophone. The headphone or earphone 9211 generates the Tx 
signal from the voice of the usct while headphone or earphone 9411 continues to 
operate as a speaker for ou^utting Rx signals to tiie user. 

FIG. 15 shows one example.of how the communication circuits in FIGS. 8-14 
are incorporated into an earpiece 60. This particular configuration is especially 
effective in high noise enviroxmimts because the earpiece 60 has a nipple 62 that 
penetrates into and fits srmggly within the operator's ear canal 70 (FIG. 17). The 
nipple 62 includes an umbrella-like shroud 64 made of a soft, flexible material, such 
as a rubber or plastic, that coiifonns to the shape of the exteiiial auditory cariaL The 
piBnacle of the shroud 64 has an opening 66 that allows air to pass through the shroud 
64 and nipple 62 to the transducer 10 within an earpiece housing 68. AstaIk67of 
housing 68 is inserted into the nipple 62 and is made of a hard plastic. The rest of the 
communication circuit 8 is located eiflier m the earpiece housing 68 or located in tiie 
phone &at the earpiece 60 is connected with. 

FIG. 16 shows a perspective view of the nipple earpiece 60 shown in FIG. 15. 
The nipple 62 sn^s onto tiie earpiece housing 68 that houses the transducer 1 0 and 
possibly all or a part of the remaining components of the communication circuit 8. 

FIG. 17 shows an expanded view of flie earpiece 60 resting within an ear 72 of 
an operator. This pjarticular iflustration dK>ws how the eariaece 60 rests wid^ 
pocket of the ear such that the opening 66 in earpiece 60 is oriented in the direction of 
the external ear canal 70. The earpiece 60 extends out of the ear and acts as aconduit 
for a cord 74 carrying the wires fixmi fihe transducer 10 or communication rarcuit 8 
inside the earpiece. 
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The earpiece 60 described above provides hands-fiee fall di^lex 
comnnmications wifliDut having to use a niirarophone estensioa aim. A microphone 
does not have to be positioned near the mottOi since the voice sounds are essentiaUy 
provided throu^ &e ear canaL Also Ihe same Iransducer 10 is used for bofli 
detecting voice rignals from the operator while the operator is talking and also for 
generating audio signals to flie operator from audio signals recaved from a wireless 
or landlinetelq)hone system. Thus, only one eaipiece has to be mserted into the ear 

of file operatai. 

Multiple transducer housing styles can be used to suit the various preferred 
choices of use. An earpiece attachment feat protrudes outside flie ear canal can be 
used for less noisy environmaits. Two earpieces can be used, one used as a 
microphone and one as the ear phone. 

The lightwei^ ear microphones use small miniature dectio-dynamics 
transducers weighing approximately 5 grams or .18 oz. to minimize fetigue. The 
U^twdght piezoelectric transducers further inqnove performance and reduce wd^t 
li^twd^ head bands, ear siqjports, and contoured transducer housings, sudi as 
those desigMd for security personnel, and the hearing in?»aired, provide snug fit in 
the outra' ear canal. 

A pplicatiops fig the Mirmphone/SD^ "^ '^'T^ff'* 
Referring to FIG. 18, a micrqphone^speaker circuit 1000 can be located in the 
headset 1100 or can be located in the transmit and recdve device. Any audio device 
can be used with the full duplex headphones and cirBait 1000. For example, a 
landline based telephone 6000, a cellular telephone 6200, a wireless telephone 6600 
QT a walkie-talkie 6400. The headset 1100 can be utilized with anyone of these 
dences, or any other device that requires two-way commnnicatiOTS. 
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The transmit and recdve circuit 1000 enables. the transducers 1900 and 1500 
in head phones 1200 and 1400 to operate as both microphones for picking vp external 
Tx audio signals and speakers for outputting received Rx signals. When a user 5200 
of the headset 1 100 speaks, audio signals 5600 are output flirou^ flie user's ear canals 
5400. These audio signals 5600 are converted by the transducers 1500 and 1900 m 
headphones 1200 and 1400 into Tx signals. 

Because the audio signals from the user 5200 are output ftomfhe ear canals 
5400 and directly into the cups of headphones 1200 and 1400, there is significantly 
less outside ambimt noise that is picked by transducers 1900 and 1500. For example, 
the noise ftom a radio 5000 is significantly filtered user 5200's voice signals 5600. 
As a result, the user's voice signals 5600 comprise a larger and clearer part of the 
generated Tx signal 

Headphones 1200 and 1400 have foam pads 7000 that have been found to 
woik excq>tiQnally well in filtering ambient noise fiom the transceivers. However, 
any commercially available headset can be adapted to be used with tiie transmit and 
recdve circuit 1000 including earpieces that insert into the ear canaL Because no 
separate mioophone boom is required, the fiill duplex headphones are also less 
expensive to manufacture and easier to operate. 

no. 19 dK>ws a siiigle earphone type headphone 1811. The earphone 1811 
inchides a transduce that oprates as both a microphone and a speaker as desoibed 
above. The earphone 1811 is attached to a cord 3411. An opposite end of the cord 
3411 is connected to a retractable take-up reel 3811. The take-up red 3811 is k>cated 
inside of a cellular telephone 321 1 or any ofeer two-way communication device. 

The cord 3411 is pulled out fix>m reel 3811 as far as needed for a user to insert 
earphone 181 1 into the user's ear canaL The reel 3811 includes a latch (not shown) 
fliat holds the ccttd at the extended position. Wheal fte user is finished with the 
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5 earphone 1811. the cord is pulled fiirlhar out fixnn the reel 3811. The lateh feea 
releases the red 3811 and aUows the reel 3811 to retract the cord 3411 back into fee 
cdhilar telephone. Altexnatively, abnttonon celitilar telephone 3211 can be used to 
release the reel 381 1 allowing retraction of cord 341 1. 

hi an aKemative embodiment, an earphone 361 1 includes a wireless 
10 transcaver 3711. A transducer in earphone 3611 converts a user's voice into 
electrical Tx signals. A transceiver 3711 in the earphone 3611 transmits the Tx 
signals wirelessly to another transcdver 4011 in ceUnlar telephone 3211. 

Rx signals recdved by the cellular tdephone 321 1 from another caller are 

transmitted by transceiver 4011 to transcdver 3711 in earphone 3611. The transducer 
15 in earphone 3611 then converts the Rx signals into audio signals. The wirdess 
signals transmitted and recdvedby the tianscdvers 4011 and 3711 use any 
fiequendes to transmit the Tx andRx signals. For example, the same fiequendes and 
drcuitry used by wireless telephones for wireless Tx and Rx transmission and 
reception. 

20 no. 20 shows a device 5411 that includes bofe a ceUular telephone 5611 and 

an audio player 5811. The audio player 5811 can be any one or any combination of 
audio playing devices such as a CX> player. MD player, MP3 player, radio, cassette 
. t^ player, etc. The cdlular telq)hone 5611 can altemativdy be a two-way radio or 
any other type of two-way communication device. 
25 The headsets 4211 and 4811 operate as stereo headphones when the device 

541 1 is used as aii audio playa- and <q>erate as a separate miCTophone and q)eafcer 
when the device 541 1 is used as a telq>hone as previously described in FIG. 14. 

Headphone 4411 inheadset 4211 or earphone 5011 inheadset 4811 operates 

as a micaophone when the device 5411 is used as a ceUular telephone. Heaj^hone 
30 441 1 or earphone 5011 operates as a speaker when the device 5411 is operating as an 
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5 audio player. Headphone 461 1 or eaxphone 5211 operates as a speaker for both the 
cellular tel^hone 561 1 and audio playra- 581 1. 

Since headphone 441 1 and earphone 5011 each operate as either a microphone 
or a speaker, the headsets 4211 and 4811 provide stereophonic sound when Ihe device 
5411 is using the audio play^- 5811. When the device 5411 switches over to using 

10 the cellular telephone 561 1, the headphone 441 1 and the earphone 501 1 automatically 
switch over to pperatmg as microphones. The transducer in headphone 4411 or 
earphone 5011 picks up the voice signals coming from the user's ear canal and 
converts those voice signals into a Tx signal that is sent to the cellular telephone 5611 
for transmission over a cellular tel^hone channeL Whm the device 541 1 is switched 

15 back to operating audio player 5811, ti^ heac^hone 4411 ot earphone 5011 switches 
back to operating as a speaker. 

FIG. 21 shows headsets 2211 and 2411 that eadi has one headphone 2411 or 
earpiece 261 1, respectively, that operates as a microphone and another headphone 
2611 or earpiece 281 1 that operates as a speaker. The headsets 221 1 and 241 1 are 

20 shown being used with a cellular telephone 301 1 but can be used with any two-way 
commimications device, such as a two-way radio, wireless telephone or landline 
telephone. 

FIG. 22 shows a headset 1211 having two hea<^hones 1411 that each operate 
as both.a speaker and a microphone. The headphone is connected to a two-way 
25 communications device 20 1 1 , such as a two-way radio, telephone, cellular phone, etc. 
Headset 151 1 includes a single headphone 1611 that operates as both a microphone 
Bnd speaker. A single earphone type headset 1711 includes an earphone 1811 that 
includes a transduce that operates as both a microphone and speaker as described 
above. 
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FIG. '23 shows another embodimCTt of a headset 1201 that can be used with 
the dual telq>hone/acidio playa device 541 1 or any ofher two-way commumcations 
device. Headphones 121 1 include transducers 1221 &at serve as stereo speakers for 
outputting audio signals fix>m the audio-player in device 541 1. The transducer 1221 
also output any received Rx signals firom tiie cellular telephone in device 5411. 

Two separate microphones 1241 are located on the outside of the heac^hones 
121 1 and piclcup audio signals while the user of headset 1201 is speaking. The 
microphones 1241 ^nerate a transmit Tx signal that is output to the cellular 
telephone in device 541 1. Whoi the device 541 1 operates as an audio player, the 
microphones 1241 are disabled. 

The microphones 1241 and speakm 1221 are connected to a jack 1261 that 
plugs into device 5411- Any combination of microphones 1241 and speakers 1221 
can be used. For exanq>le, the headset 1201 may have two speakers 1221 and only 
one zoicrophone 1241 located on the outside of one of the heac^hones 121 1 • 
Alternatively, there may only be one headphone or earphone with only one 
microphone 1241 and only one speaks 1221. Whatever the crafiguradon, the 
headset 1201 provides two-way conununications when the device 541 1 is operating as 
a cellular telephone and outputs mono or stereo sound when fh& device 541 1 operates 
as an audio player* 

Full Dnnlex Headset With Voice Recognition System 

Referring to FIG. 24, a headset 1822 mchides two hea^hones 1422. The . 
heac^hones 1422 can both operate as microphones, or can both opoiate as 
microphones/speakers, ot one headphone 1422 can operate as a microphone while the 
other headphone 1422 opiates as a speaker. The headset 1 822 can use any of the full 
duplex circuits described above or any headset that includes a microphone that 
converts voice signals 2222 into electrical signals. The headphones 1422 each 
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inchute a transduce 1622 tbat operates m 

oae embodiment^ the transducer 1622 is a miniature piezoelectric, electret type, 
transducer. However, it should be understood that any type of transducer can be used 

While the operator 1222 is talkmg, the transducers 1 622 detect the voice 
signals ^'^^^ that pass out flnough the ear canals 2022 mside the head of operator 
1222. The transducers 1 622 convert the voice signals 2222 into electrical transmit Tx 
signals that are coupled throu^ cables 2822 to a computer 3022. 

By locating one or more microphones 1 622 inside one or more of the 
headphones 1422, the voice signals 2222 fiom the operator's ear canal 2022 can be 
detected while at the same time filtering out unwanted ambiCTrt noise. OthCT 
unwanted noise fiom the user 1222, such as breathing noises, are also less of a 
problem because the micrqplMne 1622 is no longer located on a boom underneath the 
users noise. 

Software and a processor in the computer 3022 operate as a Voice Recognition 
System (VRS) 2922 and attempts to identify the words rq)resented by the electrical 
Tx signals fiom cable 2822. The audio signals are interpreted by the VRS 2922 and 
displayed as words 2622 on the computer screen 2422. The VRS 2922 prevents the 
operator 1222 from having to manually type the words into the computer with 
keybomd 3222. The headset 1 822 can be used for any Voice Recognition System that 
detects voice signals. Because, there is less noise in the TX signals, the VRS 2922 is 
more likely to correctly identify the words coming from the operator's voice signals. 

The headsets desoibed in the references cited above can c^OTte as bofli 
speakers &at output reed vedRx signals to auserand microphones that transmit Tx 
signals from the operator's ear canal back to another endpoint If the circuitiy in 
headset 1822 opiates as both a microphone and a speaker, the headset 1822 can be 
used mth other plications ofherfhan VRS 2922. For acample, the headset 1822 can 



wo 02/07477 FCT/USO 1722121 

30 

5 also be used with any two-way communicatioii device or plication sodh as a ceUular 
telephone, two-way radio, wireless phone, etc. Ihe headset 1822 can also be used as 
a speaker for receiving audio signals from any CD, MD, MP3 or tape player. 

For example, by selecting a difiBsreot software application on the con^mter 
3022, the computer can activate a Voice Over Intemet Protocol (VOIP) phone 

10 appUcation 3 122, CD player, MD player, IP radio player, MP3 player 3322. or any 
oflier type of communication or audio playback plication. The headset 1822 ttien 
not only generates the Tx signals output from the operator 1 222 to the VRS 
application 2922 or VOIP apphcation 3122 bat also recraves the Rx signals ftom any 
one of the sound playback applications referred to above. 

15 It should also be understood that the microphDne generating the Tx signals for 

the VRS qjplicatian 2922 can be located inside any earphone, hea(^hone, earpiece or 
any device or apparatus that goes inside or partially or fully covcts the operator's ear 
or ofhrawise enables detection of voices signals from in the operator's ear canal 2022. 
FIG. 25 shows another embodiment of the invention that includes a first 

20 transducer 5622 that gen^ates a Tx signal 6022 from the audio signals 4422 output 
from the ear canal 4222 of operator 3822. A circuit 4622 as described in any one of 
the fuU duplex drcnits above increases the Signal to Noise Ratio of the Tx agnal 
6022 and then outputs the Tx signal on line 4822. The circuit 4622 in some 
embodiments of the referenced q)phcations also aUows the transducer 5622 to operate 

25 asaspe^CT. 

While ftie transducer 5622 is operating as a microphone, it may be desirable to 
feedback the Tx signal to a speaker 5422. The Tx signal 6222 is output from speaker 
5422 as voice signals 5022. This provides positive acknowledgement back to the 
operator 3822 that the voice signals 4422 are being successfully detected and output 
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by tiansdiioea- 5622 and circuit 4622. TliefeedbadcTx signal 6222 may be'fnrfhBT 
anqjlified by an amplifier 5222 befine being fed to speaker 5422. 

LoopdowQ and Loop around TT i-tat^gs^ts 
FIGS. 26 and 27 show a loopdown headse* 1433 tbat indndes two earpiecses 
1633 for attaching to ears of an apsxsUx 1233. Aband 2433 has opposite ends 1533 
that connect to iho two earpieces 1633, Earpieces 1633 include ear caps 2033 lhat 
insert into ear canals 2833 and 3033. A middle section of the band 2433 extesads 
downwardly below a chin 2633 of a headset <q>OTator 1233. The band 2433 in one 
embodiment is made of a semi-rigid piece of plastic or metaL 

While earpiece 1633 is shown with cups 2033, the shape of the strsp and other 
aspects of the invention can be used with other types of earpieces. For example, the 
earpiece can con^se an eaimufif style whore the earpiece covers the entire outside 
ears of the operator and includes a foam pad that rests against the sides of the 
operator's head. Altemativdy, a disc style earpiece can be used that may include a 
form pad that rests directly against the outside of the operator's ear without inserting 
directly into the ear. Other types of ear plugs or ear plunger style earpieces can also 
be used fliat insert direcQy into the ear canal of the operator. 

In one embodiment of flie headset 1433, a transducer 2133 operates as a 
microphane and is located either in one of the ear cups 2033 or in the main body 
section 2333 of earpiece 1633. Tlie transducer 2133 is used to detect sound waves 
and bone conduction that is emitted through the ear canal 2833 when the operator 
1233 is talTnng- The transducor 2133 converts the sound waves into electrical 
transmit signals that are output through a wire 2533 that extmds inside of the band 
2433. Anoflier transduce 2233 operates as a speaker and is located either in anotha- 
one of the cups 2033 or in the main body 2333 for anoflier one of the eaipieces 1633. 
The transducer 2233 convats electrical recdve signals from wires 2533 into sound 
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5 waves lhat are oirfput into an opposite ear canal 3033 of the opOTtar 1233. Any of 
the alternative full duplex circuits described above can also be used. 

The side view of the loopdown headset 1433 in ¥IG. 27 shows how the ends 
1533 of band 2433 extend in a sli^y forward direction 3233 toward flie front fece of 
operator 1233. The middle potion of the band 2433 ttien loops in a downward 
10 direction 3433 underneath the chin 2633 of operator 1233. The ends 1533 of the band 
2433 curve forward to extend in front of the earlobes 3633 of tiie operator 1233. This 
forward bend and downward loop in flie band 2533 in combination with the position 
of flie cups 2033 provide siq)erior fit and comfort of the earpieces 1633 in the ears of 
the operator 1233. The forward curving cods 1533 also prevent the band 2433 from 
15 rubbing against earrings that the operator may be wearing. 

FIGS. 28 and 29 show in ftnther detail the position of cups 2033 in 
relationship to the forward and then downward directioii of band 2433 . The caps 
2033 each have a front face 3833 that extends substantially along a vertical plane 
4033. The opposite mds of the band extend longitudinally along a line 4233 at an 
20 angle anywhere betwcCTi 5 degrees to 45 from the votical plane 4233. 

Referring to FIGS. 26-29, the headset 1433 is pulled di^y outward at 
opposite cads 1533 by the operator. The head of the operator is then slid between ttie 
opposite rads 1533. The dastically deformable band 2433 then retracks toward its 
original position as the earpieces 1633 are inserted into ears of the operator. Indie 
25 attached position, the opposite ends 1533 extaid forward and then downward from 
the ears of the ns^. 

The transducer microphone 2133 detects sound waves coming from foe first 
ear canal 2833 while foe iterator 1233 is speaking. Because, foe ear cup 2033 is 
located inside the ear canal 2833, foore is Uttle or no piclojp of ambient noise. The 
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speaker teansdaoer 2233 converts electrical recave signals into sound waves feat are 
output into fee. second ear canal 3033 of fee operator 1233. 

FIG. 30 shows a perspective view, FIG. 31 shows a top view, and HG. 32 
shows a side view for another embodimiait of the invention. A headset 5033 includes 
earpieces 5233 and a band 5633. The earpieces 5233 inchide cups 5833 similar to the 
cups 2033 shown in FIG. 26. The opposite ends 6033 of fee band 5633 extend fiom 
fee earpieces 5233 in a forward direction and then loop imdenieafe ears 6633 of fee 
operator. 

A middle portion 6233 of fee band 5633 extends back around a backside of fee 
neck of fee operator 6433. This provides fee additional advantage of obscuring fee 
middle portion 6233. For example, long hair or a sihirt or coat may hide a portion of 
fee band 5633. This provides a more aesthetically appealing look for fee operator 
6433. In addition, the band 5633 remains out of reach of ofeers. For exan^le, if 
operator 6433 was holding a child, fee child could not reach up and grab fee band 
5633 since it is positioned behind fee neck. 

Again fee forward and then downward direction of opposite mds 6033 of the 
band provide superior comfort and retention of fee cups 5833 inside fee operators 
■ ears. In addition, because fee ends 6033 loop undemeafe fee ear 6633, the band 5633 
win not rub up against earrings or ofeer article that may be attached to the ears 6633 

of fee qpCTator 6433. 

FIG. 33 is a schematic diagram showing one embodiment of fee foil daplex. 
circnitry feat can be located in edther fee headset 1 43 3 diown in FIG. 26 or the 
headset 5033 shown in HG. 30. The drcuitry includes a speaker drcuit 1003 and a 
microphone circuit 1023. Each circuit has two electrical terminals, wife one saving 
as fee common or "ground" node. Apairofwiies 1043. 1063 and 1083, 1103 are 
connected to feese tenninals. and are ultimately joined in a single cord tenninating in 
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5 acomiectorplug 1143. The wires ccamected to the ground node 1043, ^ 

joined together and tenninate at ftie sleeve connection 1123 of plug 1 143. The wire 
coimeoted to flie opposite tsnninal of Ibe speaks circuit 1003 is connected to a ring 
portion 1163 of the plug 1 143. Qn.flie other side of the headset, the wire 1 103 ftom 
the xnicrophone circuit 1023 is connected to the tip portion 1 183 of the plug 1 143. 

10 The speaker circuit 1003 contains a transducer 1013 tiiat converts an electrical 

signal into an audio output The microphone circuit 1023 contains a transducer 1033 
fiiat converts an audio ixsput intd an electrical signal which is communicated to a 
telq)hony device via the wires 1083, 1 103. Any of the other circuits described above 
can also be used instead of &e drcuitxy shown in FIG. 33. 

15 A filter circuit 1203 includes a capacitor and an zraor diode that are coupled 

in parallel across the wires 1083 and 1 103. The c^acitor in one implemmtation is 
approximately 33 Pico ferads. The filta: circuit 1203 filters out selected low 
frequQicy noise from the electrical transmit signal output by the micrc^hqne circuit 
1023. 

20 The drcuitty described above can use dedicated processor systems, micro 

controllers, programmable logic devices, or microprocessors that perform some or all 
of the notification operations. Some of tiie operations described above may be 
inqilemented in software and other operations may be implemented in hardware. 
For the sake of convenimce, the op^^ons are described as various 

25 interconnected fimctional blodcs or distinct software modules. This is not necessary, 
however, and there may be cases where tiiese functional blocks or modules are 
equivalmtly aggr^ated into a single logic device,' program or operation wifli unclear 
boundaries. In any event, the ftmctional blocks and software modules or described 
features can be inq>lemented by thanselves, or in combination with other operations 

30 in dtfaer hardware or software. 
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Having described and illustrated the principles of &e invention in a preferred 
embodimeat thereof; it should be apparent tiiat the invention may be modified in 
arrangement and detail without departing fiom such principles. Claim is made to all 
modifications and variation coming within flie spirit and scope of flie following 
claims. 
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1 . An audio device, com p ri sing : 

a transdJicer for inserting in or dose to m ear canal; and 

a transmit rarcuit for operating flie transducer as a microphone tbat converts an 
audio iiq>ut from flie ear canal into an electrical transmit signaL 

2. An audio device according to claim 1 including an acoustical isolator fijr 
substantially isolating the transducw from audio signals attributed to bone conduction. 



3. An audio device according to claim Iwherdntiie transducer comprises a 
15 piezo electric transducer for locating in the external ear canal of a user, the piezo 

electric transducer generating the electrical transmit signal from the audio mp\it of the 
user detected in the external ear canaL 

4. An audio device according to claim 3 including a transistor having a first 

20 gating tominal coupled to a first terminal of the transducer, a second ou^ut terminal 
for ouft>utting tiie electrical transmit signal, and a third terminal fi»r coupling to a 
ground connecticni. 

5. An audio device according to claim 4 including a filter drcuit coiq>led across 
25 the second and feird terminal of flie transistor for fiftering out low audio frequencies 

fiam tiie electrical transmit signaL 



6. An audio device according to claim 1 includes a first earpiece having a 
housing ad:q)ted to insert within an external ear canal of a user, the transducer 
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positioned within tbe housing for converting voice signals ftom the user into ti>e 
elecfiical transmit signals. 

7. An audio device accoixiing to claim I including a full dnplexmode circuit for 
operating the transducer as bofli a microphone and a speaker. 

8. An audio device accorduig to claim 7 wherein the fiill duplex mode circuit 
includes: 

a first amplifier having a first input coiq)led to a first ter min a l of flie 
transducCT, a second ujput coupled to a receive signal input, and an output coupled to 
both a transmit signal output and a second traninal of the transducer, and 

a second anq>lifier having a first input coupled to groimd, a second input 
coupled to the receive signal iiQ>ut and an output coiq)led to the transmit signal ou^ut 

9. An audio device according to claim 8 including: 

a receive signal phase canceller coupled between flie ou^ut of the second 
amplifier and the transmit signal output and 

a transmit signal phase canceller coiqiled between the transmit signal output 
and the receive signal input 

10. An audio device according to claim 1 including: 
a transmit and receive circuit 

a first earpiece having a transducer with a positive terminal ooiq>led to the 
transmit and receive circuit; and 

aseocmd earpiece having a transduce with a negative t^miiial ccqpled to the 

t ra'rtgrnit and receive circuit 
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5 11. An audio device acrording to claim 10 inch^^ 
cTOuit coupled to the transmit and receive circuit 

12. An audio device according to claim 10 ^erran the transmit and receive circuit 
includes: 

10 a first amplifier having a first rnpxA coupled to ^e positive terminal of the 

transducCTin flie first earpiece and anou^ut coupled to a transmit signal output and 
a second amplifier having a first ixxpvA coiq)led to the negative te rmin a l of tiie 
transducer in the second earpiece and an oulput coi9>led to the transmit signal output 

15 13, An audio device according to claim 12 including a third amplifier coupled 
b^eeu the outputs of the first and second amplifier and the transmit signal output 

14. An audio device according to claim 1 including a switching circuit coupled 
between the transducer and the transmit circuit for switching the transducer between 

20 operation as a microphone and a speaker. 

15. An audio device according to claim 1 including a voice recognition system 
coupled to flie transmit circuit for converting audio signals d^ected by the transducer 
Siom the ear canal into digital text 

25 

16. An audio device according to claim 1 including: 

earpieces for positioning in or next to ears of an operator; and 
a band extending downwards from the two earpieces. 
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5 17. An aiidiodevi(» according to claim 16 wbeidnopposte 

extoid forward from the earpieces and flien a middle section of the band extends 
do\mwardly in a U shaped ftom tiie opposite ends. 

18. An audio device aoconJing to claim 17 wherein the opposite ends of the band 
10 curve forward to ractend in fiont of earlobes cm the operator. 

19. A headset according to claim 1 8 wherein the earpieces comprise o^s that 
extraid prapraidicularly inward from a longitudinal axis of the band. 

15 20. A headset according to claim 19 wherdn the cups each have a front fece 4at 
extends along a vwtical axis and opposite ends of the band extend along a 
longitudinal axis at an angle between 5 degrees and 45 from the vertical axis of the 
front face of flie caps. 

20 21. A headset, comprising: 

a first earpiece having a transducer that operates m at least in one mode of 

operation as a speaker; 

a second earpiece having a transducer that operates in at least one mode of 

operation as a microphone; and 
25 a band that includes opposite ends that extend forward from the two earpieces 

and a middle portion ^ extends downward from the opposite ends. 

22. A headset according to claim 21 including caps extending from the two 

> 

ea^ieces that insert mto the ear canals of a user, the ciqjs each having a flat front face 
30 and a curved backside. 
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5 23. A headset according to claim 22 wheiein the fix>ntfi^ 

substantially vertical axis inside the ear canals and the opposite ends of the band 
extend j&om flie earpieces in a forward and downwardly sloping angje from the 
vertical axis. 

10 24. A headset according to claim 21 wherem opposite ends of the band curve 
forward to extmd in front of earlobes of an opCTator. 

25. A headset according to claim 21 including an acoustical isolator positioned 
witiiin the first and second earpiece fi^r substantially isolating the transducers from 

15 audio signals attributed to bone conduction. 

26. A headset accordipg to claim 21 including a transistor in at least the first 
earpiece having a first gating traninal coupled to a first terminal of the transducer, a 
second output terminal for outputting a transmit signal, and a third te rmin a l for 

20 coupling to a ground connection. 

27. A headset according to claim 26 including a filter circuit in at least flie first 
earpiece coiq>led across the second and third tenninals of the transistor for filtmng 
out low audio frequencies fix>m the transmit signal. 



25 



28. A headset according to claim 21 including fiiU duplex mode, circuitry in at 
least the first earpiece for yging the transducer as both a microphone and a speato. 



30 



29. A headset according to claim 21 including: 
a transmit and rec^ve circuit 
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a positive terminal of liie transducer in the fiist earpiece coupled to flie 
transmit and receive circait; and 

a n^adve tenninal of the transducer in the second earpiece coupled to the 

transmit and receive circuit 

30. A heads« according to claim 29 whei^ this transmit and receive dicuit 
includes: 

a first amplifier with a first ii5>ut coupled to the positive terminal of the 
transducer in the first earpiece and an output coupled to a transmit signal output; and 

a second anq)lifier having a first input coupled to the negative terminal of the 
transducer in the second eaipieoe and an output coupled to the transmit signal output 
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